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Abstract

In this study, the effect of using asymmetric reinforcing steel in
eccentrically loaded rectangular columns and the use of high strength concrete
were studied and recommendations related to cases that can aid in utilizing high
concrete strength by using asymmetric reinforcing steel.

The current thesis included two phases, practical and theoretical study.
The practical phase included testing eight reinforced concrete columns to study the
effect of the following variables on the behavior and strength of reinforced
concrete columns:

a- The effect of concrete strength, as two types of concrete were used, normal and
high strength.

b- The effect of longitudinal steel distribution by using symmetric and asymmetric
reinforcement and fixing the reinforcement ratio.

c- Study the effect of difference in eccentricity of load, an eccentric uniaxial load
was applied causing bending about major axis (Uniaxial Bending and Compression
Loaded Columns).

As for the theoretical study, it included a non-linear analysis of the eight columns
simulating the columns in the practical program using (ANSYS V15) software and
comparing the results with the practical results that were obtained. Additionally,
hand calculations based on the American code (ACI 318-19 Code) were
performed, and the results of columns strength were compared to those of the
practical and theoretical studies.

Eight rectangular reinforced concrete columns were experimentally
examined with a fixed cross section (150mmx200mm), a fixed height (1300mm).
As for the numerical analysis, it included eight rectangular reinforced concrete
columns. The symmetry in the column was taken advantage of, so a quarter of the
upper column model was used for the analysis. All columns had a fixed cross-
section (200 mmx75 mm), a fixed height (650 mm). All columns have a fixed ratio
of longitudinal and transverse reinforcement. The ends of the columns are covered
with two layers of (CFRP) strips at a height of (100 mm) in a horizontal direction.

The columns were divided into two groups, the first of which included
four columns of normal strength concrete (NSC) (COL-1,2,3,4), and the second of
which included four columns of high strength concrete (COL- 5,6,7,8). Two
columns of each group (COL-1,3,5,7) were reinforced with symmetrical
reinforcing, while the rest of the columns (COL-2,4,6,8) were reinforced with



asymmetrical reinforcing,. The columns (COL-1,2,5,6) were tested under the
influence of eccentric load with a nominal value of (100) mm (e/h = 0.5), whereas
the remaining columns (COL-3,4,7,8) were tested with an eccentric load with a
nominal value of (150) mm (e/h = 0.75).

The results of the experimental and theoretical program showed a matched
behavior of the columns, in general, the modes of failure of columns were all
compression failure, and the results of the resistance of the columns were very
close. It was observed that increasing concrete's compressive strength enhances the
resistance of reinforced concrete columns, whether they have symmetrical or
asymmetrical reinforcement, especially columns under the influence of uniaxial
eccentric load with low load eccentricity. In the case of columns with asymmetrical
reinforcement under the influence of a load with low eccentricity, the increase in
the compressive strength of concrete by (106%) led to an increase in the strength
of the column by (53.4%). For columns with symmetrical reinforcement and high
eccentricity, the increase in concrete's compressive strength by (74.6%) resulted in
an increase in the column's strength of (28.3%), whereas in the same case of
eccentricity of the load but with the asymmetrical reinforcement, the column's
strength increased by (49.3%). In other words, there is a gain in increasing the
resistance of the column by (21.0%).

When the reinforcement of the columns changed from symmetrical to
asymmetrical, and in the case of columns under the influence of eccentric loads
with low eccentricity, the increase in the compressive strength of concrete by
(106%), increasing the compressive strength of the column by (47.6%), while the
case of columns under the influence of loads with high eccentricity, the increase in
the compressive strength of concrete by (74.6%) resulted in an increase in the
compressive strength of the column by (50.6%). For columns with high strength
concrete and a higher eccentricity, the use of asymmetrical reinforcement led to an
increase in the strength of the column by (17.4%).

Asymmetrical reinforcement had a clear effect on the mid—height displacement of
the columns with normal strength concrete and the higher eccentricity for the
applied loads. However, for columns with high strength concrete and asymmetric
reinforcement, with low eccentricity, the mid-height displacement at failure load
significantly decreased by (12.8%). The increase in the compressive strength of
concrete by (106%) led to decrease in the mid—height displacement at failure by
(23.1%) in the case of columns with asymmetrical reinforcement, with low applied
load eccentricity.



